INTRODUCTION {#S0001}
============

The first laparoscopic nephrectomy (LN) for malignant disease was performed in 1991. Since then, the approach has gained worldwide acceptance and many consider it to be standard treatment for some T1 and most T2 tumours, with current evidence suggesting a nephron sparing approach to localized cancers \[[@CIT0001], [@CIT0002], [@CIT0003]\]. Furthermore, its uses have expanded to include nephrectomy for renal transplants, chronic infections and renal stones. LN results in less post-operative pain, improved cosmesis, a shorter hospital stay and an earlier return to daily activities when compared with open nephrectomy. These benefits are achieved without compromising oncological outcomes \[[@CIT0004]\]. Current options for intact specimen extraction include an expanded port site (EPS), connecting port site incisions, utilising old abdominal scars or by creating new incisions (such as a paramedian, Pfannenstiel (PFN) or modified iliac fossa) \[[@CIT0002]\]. Gill \[[@CIT0005]\] maintained that although their subjective impression was that the degree of comfort and cosmesis from a modified Pfannenstiel incision was better than *via* an expanded primary port site, a detailed comparison of these two approaches is required. Given that more than a decade after this assertion, there is still a lack of consensus as to which technique is optimal, we aimed to conduct a systematic review to summarize the evidence relating to the safety and feasibility of the above extraction sites.

METHODS {#S0002}
=======

The Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines were adhered to in conducting this review \[[@CIT0006]\].

Literature search {#S20003}
-----------------

A literature search was conducted in January 2015; no restrictions to regions or publication types were placed. The search was limited to the English language to allow data extraction. References from articles and reviews were thoroughly evaluated for inclusion.

The following terms were used:"laparoscopic nephrectomy extraction","Pfannenstiel nephrectomy","laparoscopic Pfannenstiel nephroureterectomy","expanded port site nephrectomy","laparoscopic nephrectomy","radical nephrectomy extraction","donor nephrectomy extraction."

Study selection and data collection {#S20004}
-----------------------------------

Three authors (D.B, M.A, R.H) followed pre-defined inclusion criteria as per a predetermined protocol to select potential articles for inclusion independently. Where differences of opinion emerged between the researchers regarding article eligibility, senior authors acted as arbiters. This involved re-scrutinizing said studies according to our eligibility criteria below.

Eligibility criteria {#S20005}
--------------------

Comparative studies evaluating outcomes relating to the extraction of the intact specimen after conventional laparoscopic nephrectomy or nephroureterectomy (LNU) were included in this review. Dates of inclusion were set from 2000 -- 2015. Papers investigating laparoscopic single site nephrectomy (LESS) were excluded as this would lead to a significant lack of equipoise.

Data were extracted from each paper separately and outcome measures set as: (1) mean procedure time, (2) estimated blood loss, (3) incision length, (4) duration of inpatient stay, (5) convalescence period, (6) pain scoring, (7) analgesia requirements, (8) complications (major and minor), and (9) warm ischaemia, assessed for donor nephrectomy subgroups.

Datasets {#S20006}
--------

Data for each included paper were entered in an Excel spreadsheet and checked by two authors prior to analysis.

Data analysis {#S20007}
-------------

The quality of the included studies was assessed using the Cochrane bias assessment tool and statistical analysis performed using Revman software (Cochrane Collaboration). The weighted mean difference (WMD) and relative risk (RR) were used to compare continuous and dichotomous variables, respectively. Statistical heterogeneity was assessed using the chi-square test with significance set at p \<0.05, and heterogeneity was quantified using the I2 statistic. The random-effects model was used if significant heterogeneity was identified otherwise a fixed-effects model was used.

RESULTS {#S0008}
=======

Characteristics of eligible studies {#S20009}
-----------------------------------

Three retrospective and two prospective (one randomised) studies were included in this review. These studies spanned four countries and included 890 patients. A reference search of these publications yielded no further studies for inclusion. Four comparative studies related to LN and one assessed outcomes from LN/LNU. In this same study, Tisdale et al. \[[@CIT0002]\] also included a subset of donor nephrectomies. Only two studies \[[@CIT0002], [@CIT0007]\] assessed radical nephrectomy, whilst the remainder investigated donor nephrectomy ([Figure 1](#F0001){ref-type="fig"}).

![Study inclusion process.](CEJU-68-00550-g001){#F0001}

Methodological quality of included studies {#S20010}
------------------------------------------

The quality of included studies was generally low with randomisation occurring in only one study \[[@CIT0008]\]. In the retrospective studies, there was no clear protocol for treatment allocation; this tended to be performed at the discretion of the surgeon. The studies did not discuss blinding or allocation concealment. Several of the outcome measures were deemed suitable for meta-analysis as follows ([Figure 2](#F0002){ref-type="fig"}).

![Forest plot comparing procedure duration (minutes).](CEJU-68-00550-g002){#F0002}

Comparison 1: expanded port site *versus* a Pfannenstiel incision {#S20011}
-----------------------------------------------------------------

Two studies, performing donor nephrecromy (DN) \[[@CIT0008], [@CIT0009]\], found the procedure to be statistically longer in the PFN group ((two studies, 396 participants): 95% MD -10.21, 95% CI from -19.46 to -0.96, p = 0.03, I^2^ = 0%). A limitation to this dataset is that Gupta \[[@CIT0009]\] did not provide variance data and as such, the standard error was extrapolated from the provided p-value (0.15) to generate a t-value (SD = t/SE). Tisdale et al., meanwhile, found no difference in procedure duration \[[@CIT0002]\] ([Figure 3](#F0003){ref-type="fig"}).

![Forest plot comparing estimated blood loss (ml).](CEJU-68-00550-g003){#F0003}

Estimated blood loss was less in the two analyses by Tisdale \[[@CIT0002]\] and in the RCT by Adiyat \[[@CIT0008]\], and found to be statistically significant on meta-analysis ((three studies, 279 participants): MD 179.95 ml, 95% CI from 24.39 to 335.52, p = 0.02, I^2^ = 98%) favouring the PFN group. However, the large difference in the Tisdale study was attributed to 3 outliers, having large bleeds between 2-3L. The authors comment that the difference in estimated blood loss lost significance after repeating the analysis without these outliers \[[@CIT0002]\]. There is significant heterogeneity between the studies and this may be attributable to differences in sample size, as well as standard deviations having to be inferred from the provided p-values by the method described above ([Figure 4](#F0004){ref-type="fig"}).

![Forest plot comparing incision length (cm).](CEJU-68-00550-g004){#F0004}

Incision length was an outcome measure in two studies comparing extraction sites for donor nephrectomy \[[@CIT0008], [@CIT0009]\]. On meta-analysis there was no statistically significant difference for PFN *versus* EPS ((two studies, 396 participants): MD = -0.54, 95% CI from -2.3 to 1.22, p = 0.54). There was significant heterogeniety (I^2^ = 91%). Once again there is a significant difference in sample sizes between the studies ([Figure 5](#F0005){ref-type="fig"}).

![Forest plot comparing duration of inpatient stay (days).](CEJU-68-00550-g005){#F0005}

Duration of stay was significantly shorter in the PFN group ((three studies, 500 participants): MD = 0.45, 95% CI from 0.05 to 0.85, p = 0.03, I^2^ = 0%) \[[@CIT0002], [@CIT0008], [@CIT0009]\] ([Figure 6](#F0006){ref-type="fig"}).

![Forest plot comparing IV morphine consumption (mg).](CEJU-68-00550-g006){#F0006}

In both analyses by Tisdale \[[@CIT0002]\], the PFN group had a significant reduction in narcotic use when compared with the EPS group; p \<0.006 and p \<0.002 respectively. The difference is not significant on meta-analysis (two studies, 279 participants): MD 14.29, 95% CI from -5.77 to 34.35, p = 0.16, I^2^ = 85%). The Adiyat \[[@CIT0008]\] study is limited by very small sample sizes, however, and this may well explain the significant heterogeneity encountered. ([Figure 7](#F0007){ref-type="fig"}).

![Forest plot comparing wound complications.](CEJU-68-00550-g007){#F0007}

There were no significant differences in wound complications between the groups \[[@CIT0002], [@CIT0008], [@CIT0009]\] (three studies, 622 participants): RR 0.49, 95% CI from 0.11 to 2.10, p = 0.34). Heterogeneity was not significant (I^2^ = 26%) ([Figure 8](#F0008){ref-type="fig"}).

![Forest plot comparing warm ischaemia time (mins).](CEJU-68-00550-g008){#F0008}

Two studies \[[@CIT0008], [@CIT0010]\] (123 participants) demonstrated a significant reduction in warm ischaemia time when utilizing a PFN incision (MD -- 93.86 95%; CI from -113.14 to -30.66, p \<0.00001). There is no significant heterogeneity in this analysis.

Gupta \[[@CIT0009]\] reported comparable warm ischaemia times between the PFN and conventional groups. No variance data or p-values are provided in their paper and, as such, this cannot be included for meta-analysis.

Operative complications {#S20012}
-----------------------

Gupta \[[@CIT0009]\] reported 3 complications when making the expanded port site incision (1 bleed, 2 instances necessitating extension of the wound, where the specimen was too large). When making the PFN incision, the same authors noted 1 episode of small bowel injury and 2 cases of bladder injury. There was also 1 episode of injury to the inferior epigastric artery. Shalhav \[[@CIT0010]\] reported two complications relating to conventional donor graft extraction *via* an expanded port site, namely a splenic laceration requiring emergency laparotomy, and one in which the specimen fell out of the EndoCatch bag. They reported no complications with regards to manual extraction *via* a PFN incision.

Comparison 2: Midline *versus* Iliac fossa {#S20013}
------------------------------------------

Two studies \[[@CIT0007], [@CIT0008]\] had arms comparing a midline (umbilicus) extraction site *versus* an iliac fossa site. Several outcomes were suitable for meta-analysis ([Figure 9](#F0009){ref-type="fig"}).

![Forest plot comparing estimated blood loss.](CEJU-68-00550-g009){#F0009}

There was no significant difference in estimated blood loss between the groups ((two studies, 162 participants): MD 2.37, 95% CI from -13.29 to 18.03, p = 0.77, I^2^ = 0%) ([Figure 10](#F0010){ref-type="fig"}).

![Forest plot comparing duration of inpatient stay.](CEJU-68-00550-g010){#F0010}

Hospitalization was significantly shorter for patients having a midline incision *versus* an iliac fossa incision ((two studies, 162 participants) MD -0.87, 95% CI from -1.43 to -0.31, p = 0.002, I^2^ = 0%) ([Figure 11](#F0011){ref-type="fig"}).

![Forest plot comparing wound complications.](CEJU-68-00550-g011){#F0011}

There was no significant difference in wound complications ((two studies, 162 participants): RR 0.69, 95% CI from 0.23 to 2.07, p = 0.51, I^2^ = 0%).

Bird and colleagues \[[@CIT0007]\] stress that the site of intact specimen extraction in LN cases should be considered carefully. They found a significantly increased risk of incisional hernia formation when using a paramedian extraction site *versus* an iliac fossa or a midline incision (p = 0.026).

Adiyat \[[@CIT0008]\] found that whilst the length of the incision was significantly shorter in the midline (MD) group compared with either a PFN or an EPS incision (p\> 0.001), graft extraction complications were significantly higher in the MD group (p = 0.002). Wound complications were significantly less in the PFN group when compared with either a midline or EPS extraction site (p = 0.02).

DISCUSSION {#S0014}
==========

This systematic review has confirmed that extracting kidney specimens *via* a PFN incision after laparoscopic nephrectomy is technically feasible and associated with several benefits. These include a shorter inpatient stay, less bleeding and a reduction in warm ischaemia time for donor nephrectomy cases. There was no significant increase in incision length or wound complications. Two authors had arms comparing a midline incision *versus* an iliac fossa incision. They found that whilst duration of stay favoured the midline extraction site, estimated blood loss and wound complications were comparable. One study \[[@CIT0008]\] determined that whilst the length of the incision was significantly shorter in the midline (MD) group compared with other groups (p \>0.001), graft extraction complications were significantly higher (p = 0.002). The same author that found wound complications were significantly less common in the PFN group when compared with the other two groups (p = 0.02). One study established that there was a significantly increased risk of incisional hernia formation when using a paramedian extraction site *versus* an iliac fossa or a midline incision (p = 0.026) \[[@CIT0007]\].

This systematic review, comparing the safety and peri-operative variables of several approaches of removing specimens after laparoscopic nephrectomy, included 890 patients. Meta-analysis of two papers (radical and donor nephrectomy) \[[@CIT0002], [@CIT0008]\] demonstrates that estimated blood loss is significantly reduced when using a PFN extraction site (p = 0.02). There is no difference in incision length when using a PFN extraction site (p = 0.98). There was no significant difference in duration of stay (p = 0.32) in the two studies of LDN. However, when introducing an analysis of LN cases into the meta-analysis, this figure became significant, favouring the PFN site (p = 0.03).

In both analyses by Tisdale \[[@CIT0002]\], the PFN group had a significant reduction in narcotic use when compared with the EPS. The difference is not significant on pooled analysis (p = 0.75).

There is no significant difference in wound complications \[[@CIT0002], [@CIT0008]\], but warm ischaemia time is significantly reduced in cases of donor nephrectomy \[[@CIT0002], [@CIT0008], [@CIT0010]\]. Duration of inpatient stay showed no significant difference in the donor nephrectomy subgroup and in the same subgroup, operation duration was actually longer when using a Pfannenstiel incision (p = 0.03). One study \[[@CIT0009]\] offers a potential reason for this; the time taken to make the incision is significantly longer for a PFN incision *versus* an EPS incision (5 mins *versus* 2 mins, p = 0.001).

Tisdale et al. \[[@CIT0002]\] carried out a retrospective cohort study comparing parameters after transperitoneal laparoscopic nephrectomy, with intact specimen extraction through Pfannenstiel (PFN) or expanded port site (EPS) incision. In the first analysis, the LR only analysis, PFN group had shorter procedure time, less estimated blood loss, shorter inpatient stay (p \<0.05), significantly less morphine use (p \<0.006) and fewer wound complications (1 case of cellulitis in the PFN group and 3 incisional herniae in the EPS group). In the second analysis, which included LN, LNU and LDN, the PFN group had shorter procedure time, less estimated blood loss, shorter inpatient stay and significantly less morphine use (p \<0.002).

Adiyat et al. \[[@CIT0008]\] compared the outcomes of three different methods of graft extraction after a conventional five port LDN; (a) iliac fossa (IF) incision, (b) midline (MD) periumbilical with lower polar fat stitch incorporating the gonadal vein for traction during retrieval, (c) PFN with gel port extraction. There were no significant differences among all three groups in terms of age, sex, estimated blood loss, body mass index, vascular anatomy, operating time, post-operative pain score, analgesic consumption, delayed graft function, hospital stay and recipient creatinine, after six weeks. Warm ischemia time was significantly reduced in the PFN group compared with the IF group (p \>0.001). Incision length was shorter in the MD group compared with other groups (p \>0.001). Significantly fewer wound complications occurred in the PFN group than in the other two groups. Graft extraction complications were significantly higher in the MD group compared with the other two groups (p = 0.002). The authors concluded that the PFN incision was their preferred extraction method

In contrast, Gupta et al. \[[@CIT0009]\] compared the IF (an expanded port site) and PFN incisions for kidney retrieval in laparoscopic transperitoneal donor nephrectomy in 343 patients. The EPS group had a shorter procedure time, significantly shorter incision length (p \<0.003), shorter inpatient stay, shorter convalescence period, quicker return to regular diet, less tramadol use, less intra-operative and post-operative complications and shorter warm ischemia time (all NS). They also report more incisions being made for PFN *versus* an IF approach: 5 *vs*. 4 (NS) and that the time taken for incisions was longer: 5 minutes *versus* 2 minutes (p = 0.001). The authors concluded that IF incision had less morbidities but poorer cosmesis.

Shalhav et al. \[10} compared the use of an EndoCatch bag device for graft retrieval *via* an EPS against a manual retrieval technique through a Pfannenstiel incision in 70 laparoscopic live donor nephrectomies. There was a statistically significant difference in warm ischemia time favouring the manual extraction technique *via* the PFN incision (p \<0.001) and this technique also had fewer complications.

Kishore et al. \[[@CIT0011]\] assessed the safety and feasibility of laparoscopic donor nephrectomy with transvaginal extraction and impact of body mass index (BMI), menopausal status, previous surgery and uterine fibroids in 30 patients, and they recommend this procedure for a premenopausal donor with a BMI \<30. Several other animal and human studies have demonstrated the technical feasibility of performing nephrectomy through a natural orifice transluminal endoscopic surgery (NOTES) approach \[[@CIT0012]--[@CIT0015], [@CIT0016]\]. Indeed one series from Spain demonstrated successful surgery in 14 women. However, with a mean inpatient stay of 4 days and one patient having a colon injury (7%) \[[@CIT0016]\] requiring a colostomy, more comparative studies will be needed to assess the long term viability of such an approach.

This study distills the comparative work in this area. It demonstrates that morbidity is not compromised and key outcome measures such as estimated blood loss and duration of inpatient stay are significantly reduced using the PFN approach. Post-operative pain (using narcotic consumption as a surrogate) is significantly reduced when extracting a specimen *via* a PFN incision in LN cases. This may be attributable to the muscle-splitting nature of the incision as compared with a muscle-cutting incision \[[@CIT0002]\]. The paper highlights that there is no difference in incision length or wound complications between extraction sites \[[@CIT0002], [@CIT0008]\]. The significant reduction in warm ischaemia time in two studies \[[@CIT0002], [@CIT0010]\] is relevant to this debate with regards to the role this incision plays in DN caes. Extended PFN incisions are not entirely benign \[[@CIT0002]\]. Gupta \[[@CIT0009]\] reported 1 episode of small bowel injury and 2 cases of bladder injuries when making PFN incisions, and surgeons should be mindful of such risks if performing this incision. Another limitation is an increase in procedure duration for donor nephrectomy cases. As well as improved cosmesis \[[@CIT0002], [@CIT0009]\], the above outcomes must undoubtedly stimulate further debate as to optimal extraction site.

This review is limited by the small number of generally low quality, single centre and heterogeneous studies to analyse, thus limiting the generalizability of our outcomes. It is suboptimal to make comparisons between donor nephrectomy and radical nephrectomy cases. Nevertheless, the parallels in operative technique and the paucity of high quality studies make such comparisons necessary at this moment. We have compensated by performing a descriptive review where meta-anaylsis is not possible and delineating, as far as possible, between donor nephrectomy and radical nephrectomy cases throughout this brief review. Further randomised, multi-centre trials will contribute objective evidence to this debate and a pilot study is under way at our own institution as a prequel to a larger multi-centre randomised trial.

CONCLUSIONS {#S0015}
===========

The benefits of extracting a nephrectomy specimen *via* a Pfannenstiel incision are a shorter inpatient stay, fewer wound complications, less bleeding and a reduction in warm ischaemia time for donor nephrectomy cases. One study found that graft extraction complications were significantly higher when extracting *via* a midline incision *versus* an iliac fossa or paramedian incision. Incisional hernia formation is significantly higher when utilising a paramedian extraction site *versus* an iliac fossa or a midline incision. From an operative point of view, the ideal extraction site is that with which the surgeon is comfortable. However, this review has demonstrated some obvious advantages of this approach, which future research should aim to corroborate.
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